Background Socio-economic inequalities in health within countries are a key public health issue. It is important that we can effectively make international comparisons of the level of inequalities and assess trends over time. We investigate how the results of such comparisons can differ depending on whether inequality is quantified using the rate ratio or rate difference.
Introduction
Socio-economic inequalities in health within-and betweencountries remain key public health issues. In 2005, the World Health Organisation established the Commission on Social Determinants of Health 'to draw the attention of governments, civil society, international organizations and donors to pragmatic ways of creating better social conditions for health'. 1 With this goes the need to be able to make international comparisons of the scale of health inequalities, and to assess how inequalities change over time, in order to monitor trends, inform policy and evaluate the effect of interventions. For national governments, and indeed the international community as a whole, there is the inevitable and understandable desire to rank countries according to the extent of inequality in health at any moment in time and, secondly, according to how successful they have been in reducing such inequalities over time. While there is no doubt that league tables are open to misuse and misinterpretation, 2,3 they nevertheless provide informative summaries that may be used to identify priorities both internationally as well as at the level of individual countries. Assessing progress in reducing health inequalities and comparing countries according to the magnitude of their inequalities raises the fundamental question of how best to quantify these inequalities. Much attention has been given to the difficulties in making meaningful comparisons when the socio-economic variables used (whether, for example, education, income or occupational social class) vary across countries. 4 In the 1990s, a major systematic attempt was made by Mackenbach and colleagues to make meaningful comparisons of the size of health inequalities across European countries. 5 This programme identified variations in study design and type of data collected as major challenges. 6 It also made it very apparent that the way in which inequalities are measured has an important influence on how countries are ranked in terms of the magnitude of their health inequalities. For example, one can quantify the extent of inequality between death rates in one socio-economic group compared with another either by taking the ratio of the rates or their arithmetic difference. 7 Using the rate ratio, a relative measure, Mackenbach et al.
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found that Sweden had larger health inequalities than most other European countries. However, as pointed out by Swedish researchers, 8 if inequality is measured using the absolute difference in mortality rates, Sweden has one of the lowest levels of health inequality. Despite the apparent simplicity and importance of the question of how inequalities should be measured there have been few attempts to focus directly on this issue and how it might influence conclusions in comparative analyses over place and time and, specifically, the ranking of countries at any moment in time or with respect to changes in inequalities over time. Whilst there are many ways in which the magnitude of health inequalities can be assessed, 7 the most widely used measures are rate ratios and rate differences that compare mortality rates in those of highest socio-economic position with those of lowest socio-economic position, typically using the top 20% and bottom 20%. While these measures do not use all of the information available, due to the ease with which they can be calculated they are nevertheless extensively used and are hence the measures we consider here. It should be emphasized that in this article we are concerned with establishing whether in principle making comparisons of the size of inequalities depends on whether the rate ratio or difference is used. Other relative or absolute measures, such as the Relative or Slope Indices of Inequality, are not the focus of our investigations. The ideal setting for an examination of the influence of different measures on comparisons of socio-economic inequalities in health would be one that used data from a substantial number of countries collected in an identical fashion in terms of study design, socio-economic measure and health outcome. Such an international data set does not exist for high-income countries. However, the Demographic and Health Surveys (DHS) conducted in many low-and middle-income countries come close to the ideal (http://www.measuredhs.com/). Using a standardized methodology and core questionnaire the DHS programme has carried out nationally representative household surveys in over 60 countries over the last 20 years.
We use DHS data from 22 countries to investigate how the conclusions of comparative analyses, specifically the ranking of countries according to the level of health inequality, and time trend in inequality, can be affected by whether the rate ratio or rate difference is used. Whilst under-five mortality is the health outcome used, our interest is in the methodological issue rather than the substantive inequalities in this particular health outcome in these particular countries.
Methods
Using published data 9 we examine levels and trends in inequality in under-five mortality within 22 low and lowermiddle income countries each with two Demographic and Health Surveys between 1991 and 2001 (11 countries in Africa, five in Latin America and the Caribbean and six in Asia).
In 2000 these countries accounted for 27% of the world's population. While clearly not representative of all low-and middle-income countries, they nevertheless encompass high and lower mortality regimes, and a range of socio-demographic conditions. As described elsewhere in more detail, 10 under-five mortality was estimated, using standard methods, from information on births in the 10 years preceding the survey derived from birth histories collected from women of reproductive ages. Socio-economic position is described using an index of household wealth calculated from information on ownership of household assets (e.g. radio, bicycle), housing characteristics (e.g. roofing, floor materials), source of drinking water, toilet facilities and availability of electricity. Households, ranked according to their wealth index, were split into five groups each containing 20% of individuals and representing the poorest up to the least poor population quintiles for the survey in question. This produces a measure of relative household wealth in the sense that, for example, the poorest quintiles in country A and country B will not necessarily have the same level of absolute wealth but each will represent the poorest fifth of their population. Under-five mortality (deaths under age 5 per 1000 live births) was calculated for each quintile.
As previously stated, we used two simple approaches to the measurement of the magnitude of inequalities: the rate ratio and rate difference. The former measures relative inequality, the latter absolute inequality. We compare these approaches in both a cross-sectional analysis, using data from the earlier of the two surveys alone, and in a longitudinal analysis investigating ranking of changes in inequality.
In the cross-sectional analysis we calculate rate ratios and rate differences that compare the mortality rate in the poorest and least poor quintiles using the ratio and difference of these rates, respectively. The 95% confidence intervals are calculated (see Appendix for formulae) using standard errors which took account of the DHS sample survey design. Countries are ranked according to their rate ratios and rate differences and the association between rankings assessed graphically and using Spearman's rank correlation coefficient. Rate ratios are plotted on log scales.
We also carry out an analogous analysis of time trends in inequality, specifically investigating whether the ranking of countries by change in inequality is the same according to the rate ratio and rate difference. Since the length of time between the two surveys differs across countries we standardize to a 5-year change, calculated from the difference between the years of the surveys. Where the survey date spans 2 years the later of the 2 years is used. Denoting the estimated mortality rates in groups defined by the lower and upper quintiles in the two surveys by l 1 , u 1 , l 2 and u 2 respectively, and the time (in years) between the two surveys by t, the 5-yearly absolute change in rate difference is 5[(u 2 À l 2 ) À (u 1 À l 1 )]/t. On the relative scale the change in inequality over time is expressed as the 5-yearly percentage change in rate ratio. As is standard for relative measures, the 5-yearly relative change is calculated after logarithmic transformation {exp[5 log((u 2 /l 2 )/(u 1 /l 1 ))/t]} and this is then converted to a percentage change (e.g. a relative change of 1.8 is an 80% increase). Data analysis was conducted using Stata Version 8.
Results
Under-five mortality in the 22 countries ranges between 28 and 252 deaths per 1000 live births (Table 1) .
Using the data for the earlier of the two surveys for each country, Figure 1 displays rate ratios (panel 1A) and rate differences (panel 1B) between the poorest and least poor quintile groups, each in rank order. Inequality is diverse with rate ratios spanning 1.2 to 5 and rate differences 10 to 130 deaths per 1000 live births. The ranking of countries by their level of inequality in under-five mortality depends to a large extent on which measure of inequality magnitude is used. For example, Peru displays the highest inequality according to the rate ratio whereas it is ranked only 7th highest when the rate difference is used. Mali has the highest inequality according to the rate difference but is ranked only 14th highest when the rate ratio is used. The rankings of countries according to rate ratios and differences are not strongly correlated (Spearman's rank correlation coefficient ¼ 0.488).
An analogous pair of graphs is shown in Figure 2 , this time ranking countries according to the magnitude of the 5-yearly change in inequality. On the ratio scale (panel 2A) inequalities in some countries have reduced while in others they have got larger. Similarly, diversity is shown when changes in inequality are considered on the difference scale (panel 2B). The rankings of countries using the two measures of change are again imperfectly correlated (Spearman's rank correlation coefficient ¼ 0.756). While a correlation of this magnitude would be considered high were this relating to two distinct variables, the expectation is that in this context it would be close to unity if the ranking of change in inequality was not dependent upon the measure used. Furthermore, and perhaps more importantly from a policy perspective, in five countries (Peru, India, Namibia, Vietnam and Nepal) the direction of change suggests increasing inequality on the ratio scale, but decreasing inequality on the difference scale.
The cross-sectional and time trend aspects of the data are combined in Figure 3 . For each country, inequalities in the earlier and later periods are indicated by solid and open circles, respectively. The pair of points for each country is joined by a line. For countries where the direction of change in inequality over time is the same for both ratio and difference measures the connecting line is dotted, whereas where the direction of change differs on a ratio and difference scale a solid line is used. The figure shows that between the two survey periods there is substantial variation between countries in the size as well as direction of change in inequality. Most importantly, it makes clear that the relative size and direction of trends can depend upon the way in which inequalities are measured.
Discussion
To our knowledge this is the first systematic comparison of different measures of inequality magnitude across a large number of countries using a standardized measurement tool. It demonstrates that the conclusions of comparative analyses across time and place depend in part on which measure of inequality magnitude is used. Ranking countries according to their level of inequality produces a substantially different ordering depending on whether the rate ratio or difference is used to quantify inequality. Whether inequality is seen to increase or decrease over time, and the size of that change, also depends on the measure used. These findings, which are not confounded by different study designs, data collection methods, health outcome or socio-economic indicators, have important implications for policy, practice and research.
The existence of the Demographic and Health Surveys creates a unique opportunity to systematically evaluate how the choice of measure of inequality magnitude affects conclusions in comparative analyses over place and time. This analysis makes use of DHS data from 22 countries each with two surveys separated by a few years all collected using very similar survey designs. While the comparability of the index of household wealth may be questioned, it is at least classifying households using the same substantive principle and completely avoids the much more serious problems of comparing inequalities using conceptually completely different dimensions of socioeconomic position (for example, education compared with income). This rich and comparable collection of data sets has no parallel in health inequality research in high-income countries. Consequently, this methodological work is feasible in a way it is not with the less uniform data sources available across high-income countries. Moreover, the wide ranging childhood mortality experienced by the countries included in our analysis has enabled us to develop the analysis further than would have been possible with the more homogenous mortality seen across high-income countries.
Our finding that there is a lack of agreement between rankings based on rate ratios and differences cannot be explained by sampling error. It is recognized in other settings that sampling error in performance indicators can lead to instability in rankings using any single measure. 2 However here the issue is a more fundamental one, because the discrepancies we have identified are a consequence of the arithmetic COMPARING HEALTH INEQUALITIES ACROSS TIME AND PLACE properties of the measures rather than a consequence of random error. Even if all of the surveys were of sufficient size to effectively eliminate random error then discrepancies in the rankings of the order that we observe here would still occur. It is likely that if the magnitude of inequality had been measured in yet other ways the rankings would have been different again. Indeed, rankings produced using the concentration index, 11 while similar to the rankings using the rate ratio, are not by any means identical. The strength of our analysis, however, is that the rate ratio and rate difference make use of identical data but different arithmetical calculations. One would expect measures that use different data, for example from the whole distribution (as for the concentration index) rather than from the extreme quintiles (as for the rate ratio and difference), to produce different rankings. Our focus on comparing inequalities between countries complements other work that has been done looking at inequalities within countries, over time and between ethnic or socio-economic groups. In a recent report on methods for measuring disparities in cancer in the USA 12 it is elegantly shown that if differences in stomach cancer mortality between men and women are measured on a relative scale, then between 1930 and 2000 there has been a steady increase in gender disparity. However, if instead the differences are K a z a k h s t a n T a n z a n ia T u r k e y T a n z a n ia E g y p t T u r k e y E g y p t T a n z a n ia K a z a k h s t a n country (ordered by five yearly change in rate difference) Figure 2 Change in inequalities in under-five mortality over time measured using (A) five yearly percentage change in rate ratio and (B) five yearly absolute change in rate difference, each in rank order measured on an absolute scale then since 1930 there has been a steep decline in disparity between men and women. This finding is analogous to our results in that both underline the fact that choice of measure can give very different impressions about the nature of inequality or disparity. For the purposes of their particular report the authors suggest that quantifying disparity in absolute terms may be particularly appropriate as this provides an indication of the population health impact of the inequalities in cancer-related outcomes. They do, however, recognize that measurement in relative terms can also be appropriate depending upon the context. While their report stops short of recommending the universal use of either absolute or relative differences for summarizing the extent of inequality or disparity, it does underline the importance of presenting the underlying rates and not just one or more summary measure. Similar points are also made in another recent attempt to provide guidance on the methods that should be used to measure inequalities in health.
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These guidelines also refrain from suggesting that either absolute or relative measures have an intrinsic advantage that is appropriate in all contexts.
Conclusion
There has been little awareness that the choice of measure of health inequality may affect assessments of the relative performance and achievements of different countries. Our findings clearly demonstrate that different measures can lead to very different conclusions. We believe these findings are not restricted to the setting used here but apply equally to other measures of health, data sources, and geographical levels and locations, and are as relevant to high-as to low-income countries.
While there cannot be any rigid recommendations that give precedence to either absolute or relative measures of inequality when comparing socio-economic inequalities in health, analyses of inequality should present and discuss the underlying rates and not just summarize them in single summary measures. Moreover, when statements are made comparing the size of inequalities it should be made completely clear whether these are measured on an absolute or relative scale. If the substantive conclusions differ according to the measure used this should be clearly stated. In this situation emphasis should only be given to results based on one summary measure if this can be clearly and explicitly justified in the context. 
Appendix: Statistical formulae
Denote the estimated mortality rates in groups defined by the lower and upper quintiles in the two surveys by l 1 , u 1 , l 2 and u 2 respectively, let t be the time interval (years) between the two surveys and let V() denote variance.
The variance of the rate difference and logarithm of the rate ratio at the first survey are given respectively by:
Comparing the two surveys, the variance of the 5-yearly change in rate difference and logarithm of the ratio of rate ratios are given respectively by: 
2 95% confidence intervals are calculated using standard normal approximations.
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